INTRODUCTION

Recent esperimental
studies of the faradaic admittance for the Cd(II)---Cd(Hg) system, which were designed to test the validity of proposed equation+" for the phase angle, v, between the faradaic alternating current and the alternating potential for simple redo-s processes, indicated that neither equation satisfactorily described the results obtaineda. Cot cp was not, in general, a linear function of w* ; the observed relation was linear in some cases at low frequencies and in other cases at high frea_uencies, but in all cases was non-linear over a considerable part of the frequency range investigated. The obsemed relationship between cot v and w also changed with the total depolarizer concentration and with the ratio of the concentrations of the o_xidized and reduced species present in the bulk phases at a particular value of the polarizing potential. Moreover. (2) do not satisfactorily describe the faradaic admittance for systems which are generally regarded as simple, polarographicallyreversible ones. Attempts to derive a more satisfactory equation are complicated by the questions as to which of these equations is a mathematically valid outcome of the theoretical treatment and as to why each seems operative in certain cases only for a restricted frequency range.
The present discussion, which is based on an examination of the basis on which the equations have been derived, reveals a reason for the inadequacy of the treatment at other than low frequencies and indicates why various types of relationships between cot q and w are experimentally obtained. Since the left-hand side of equation (13) is not zero at higher frequencies, equation (15) which occurs, will depend on the nature of the system under investigation.
The effect of higher frequencies can be described in terms of the earlier equations by the statement that the phase angle 0 between the concentration changes and the potential is zero at sufficiently low frequencies (cf. Fig. IA ), but has a finite value at higher frequencies. Obviously, this statement describes the same situation as that outlined in the previous paragraph: the concentration changes of the electroactive species are not in equilibrium with the electrode potential. Since there is no C-Z priori way of knowing whether the oxidation or the reduction process is more hindered, i.e., whether the reduced or o_xidized form is present in escess at any instant, there is also no way of deciding whether 8 will be positive or negative; which possibility occurs depends on the particular system involved.
Furthermore, at higher frequencies the effect of polarization, when formulated as the phase shift 0. changes continuously in magnitude and sign with time during the cycle of the sinusoidal variations (Fig. IB) . During the time intervals "a", the concentration changes are more "negative" than under equilibrium conditions (corresponding to accumulation of osidized or reduced form, according to the sign convention used in writing the NERNST equation); at other times during the cycle. the concentration changes are more "positive".
If during the time intervals "bl", there is an accumulation of, e.g.. oxidized form making the potential, e.g., more positive than its equilibrium value, and correspondingly during intervals "bz" an accumulation of reduced form making the potential more negative, then at other times during the cycle, accumulation of the oxidized form makes the potential more negative and of escess reduced form more positive.
It is, therefore, clearly not possible to make any logically consistent assignment of plus and minus signs to the periodic quantities &, V, 6Co and OCR under conditions where the frequency is not limitingly small. This conclusion enables us to understand the significance of the discrepancy between equations (I) and (z), and the fact that esperimental results3 qualitatively support both equations (in the sense that cot 33 is sometimes greater than I and sometimes less than I), but neither equation quantitatively (since the observed relation between cot v and OJ* is not linear at all frequencies, and changes with concentrations of electroactive species although these do not appear in the equations).
Consequently, there would seem to be no justification for preferring one of equations (II) and (13) rather than the other, since we cannot unequivocally assign plus or minus signs to the periodic quantities; thus, the mathematical treatment can lead equally to equation (I) or (2). Whether cot 9 for a particular system is greater or less than I at higher frequencies, depends on whether the oxidation or the reduction process is preferentially hindered or favoured. Such a conclusion does not, however, resolve the problem illustrated in Fig. IB . whereby it becomes necessary to use different sign conventions, during successive parts of the periodic changes, to describe the relation between concentrations and potential. To overcome this anomaly, it is sufficient to realize that under the influence of the alternating potential, rectification effects are produced; in particular, the alternating current contains harmonics of the fundamental frequency. Consequently, neither the current nor the concentration changes can validly be regarded as having a sinusoidal form -, the relation between concentration changes and potential might
